In the presence of 150(ig/ml o f chloramphenicol, viability (dye exclusion test) o f Ehrlich ascites tumor cells is not severely affected within 48 h; however the num ber of dead cells increases above this concentration; more than 10 m g/m l render all of the cells dye-positive within a culture period of 24 h. With the highest concentration tested (25 m g/m l) cells begin to lose viability 8 h after beginning o f treatment.
Introduction
In a previous com m unication we have show n, th a t inhibition o f oxidative A T P synthesis by oligom ycin does not severely affect the A T P /A D P ratio o f Ehrlich ascites tum or (EAT) cells b u t stopped th e cell cycle progression resulting in an accum ulatio n of the cells in the early S-phase [1] . In the presence of oligom ycin a high electrochem ical p otential is built up across the m itochondrial m em b ran e, w hich prevents the exchange o f A T P ext against A D P int [2 ] . We therefore suggested, that im p a irm en t o f m ito chondrial ATP dependent processes as a result o f blockade of energy supply from the cytoplasm is the m ain reason for the arrest o f cell grow th. F irst o f all we think o f protein synthesis because it was recently shown that ATP synthesized via oxidative p h o s phorylation. not G T P synthesized from substrate phosphorylation, lim its the rate o f m ito ch o n d rial Reprint requests to Prof. Dr. Fr. Schneider. 0341-0382/84/0100-0126 S 01.30/0 protein synthesis [3] , The significance o f m ito chondrial protein synthesis for regular cell cycle progression may be tested by applying a specific inhibitor e.g. chloram phenicol. In the present w ork we therefore have investigated p ro liferatio n , cell cycle kinetics, energy m etabolism and m acrom olecular synthesis o f in vitro grow n EAT cells in the presence o f chloram phenicol. The results o f o u r experim ents suggest, th at the in h ib itio n o f m ito chondrial protein synthesis seem s not to be resp o n sible for the arrest o f cell cycle progression in the early S-phase after blockade o f oxidative p h o s phorylation by oligom ycin, because c h lo ra m p h e n i col causes a retardation o f cell cycle progression by prolongation o f the d u ratio n o f the G 1-and S -phase of the cell cycle, w hich m ay be observed alread y in the first passage in the presence o f the inhibitor.
Materials and Methods
All chemicals, buffer and m edia substances w ere o f the purest grade available from B oehringer M annheim ; M erck, D arm stadt; Serva, H eidelberg, and Sigma, M ünchen. [2-l4C ] thym idine (spec. act. 60 C i/m ol), [2-l4C ] 
]-xam inoisobutyric acid (spec. act. 51 C i/m o l) were from A m ersham -B uchler, Braunschweig. Cocktails for scintillation counting were obtained from R oth, Karlsruhe. E thidium brom ide, 5-brom o-deoxyuridine and chloram phenicol w ere from Serva, Bisbenzim ide-H 33258 was from Riedel de H aen, Hannover, M icrocillin was a gift from Bayer, L ever kusen, horse serum was a gift from B ehringw erke, M arburg.
Cell strain and growth conditions
A strain o f hyperdiploid Ehrlich ascites tum or (EAT) cells subcultured by Karzel [4] was used for the experim ents. D etails o f cell culture procedure and incorporation experim ents are described in 5, 6 , 7. C hloram phenicol was dissolved in m edium (7.5 mg chloram phenicol/m l m edium ). F or recul tivation in the absence o f chloram phenicol, cells were pelleted after 24 h by centrifugation, w ashed with culture m edium and transferred into fresh m edium w ithout the inhibitor (third passage in vitro). The controls w ere treated in the sam e way.
Cell cycle analysis
Phase com position o f the cultures was analyzed by flow -cytom etry as described in [8] and [9] , The fluorescence o f D N A bound dye was m easured proportionally, stored and graphed w ith the flow cytom eter IC P 1 1 , Phywe G öttingen, according to G öhde and D ittrich [8 ] . T he q u an titativ e ev a lu a tion o f the histogram s to obtain the fractions o f cells in the various com partm ents is illustrated in reference [9] , Applying the B rd U -H 33258 technique [10] , cells were grown in the presence o f 5-brom o-deoxyuridine (40 mg/1 culture m edium ) deoxycytidine (32 mg/1 culture m edium ) was added to reduce cytotoxic effects due to induction o f lack o f deoxy cytidine in the cells by BrdU. A bout 106 cells w ere fixed by suspending in 10 ml 96% ethanol. T he fixed cells were collected by centrifugation ( 2 
Electron microscopy
Electron m icrographs w ere o b tain ed as described in [7] ,
Measurement of metabolic parameters
L-Lactate production o f the cells was assayed as described by H ohorst [13] , glucose co n su m p tio n was m easured with the glucose o x id a se/p erid -test from Boehringer (M annheim ), oxygen u p tak e was d e te r m ined am perom etrically w ith a C lark electrode [14] . ATP and A D P levels o f the cells w ere assayed by applying the lu ciferin /lu ciferase system [17] using a Biolum inat 9500 (B ertholdt). F o r fu rth e r details see [1] , 
Results

Viability and cel! proliferation in the presence o f chloramphenicol
DNA-, RNA-and protein synthesis
Incorporation o f [2-14C ]thym idine into acid in soluble precipitate o f controls and c h lo ra m p h en i col treated cells is depicted in Fig. 5 A. A typical incorporation pattern w ith a m axim um at about 6 These data confirm th at a physiological co n cen tra tion ratio is preserved in th e presence o f ch lo r amphenicol.
Effects o f chloramphenicol on the ultrastructure o f EA T-cells
To substantiate fu rth er th e d ata o b tain ed , the ultrastructure o f controls and ch lo ram p h en ico l treated cells was exam ined by electron m icroscopy. C hloram phenicol is know n to bring ab o u t a lte ra tions in the m itochondrial structure, likely as a The electron m icrographs presented dem onstrate that the form ation o f cristae is severely affected in the presence o f chloram phenicol w hile the structure o f the outer m em brane is app aren tly unaffected; these are well know n effects o f chloram phenicol on the m itochondria o f eukaryotic cells [2 2 ], In proliferative cell populations, the inhibitory effect o f drugs on m t-D N A transcription and tran s lation may be assessed by m easuring the decrease in oxyen consum ption. As is described in [23] , chlo r am phenicol reduces oxygen consum ption o f chickem bryo cells by 15% at 1 0 0 |ig /m l; at 350 p g /m l respiration was inhibited by ab o u t 50%, a value close to that reported for other cultured cell lines. In the present experim ents we found a reduction o f oxygen consum ption after 24 h o f incubation w ith chloram phenicol by about 40% o f controls.
If m itochondrial translation is substantially inhibited, cellular cytochrom e oxidase activity should be affected. Such is indeed dem onstrated in different anim al cell lines treated w ith chlo r am phenicol [21, 24, 25] . A fter one popu latio n doubling = 1 0 0 % grow th, cytochrom e oxidase activity should th erefo re be reduced by 50%, after two by 25% and so on [26] . Since in o u r experim ents in the presence o f ch lo ram p h en ico l an increase o f cell num ber o f ab o u t 50% is observed w ithin 24 h, the reduction o f oxygen co n su m p tio n betw een 30-40% is co m p atib le w ith a nearly com plete inhibition o f cytochrom e oxidase synthesis.
The most significant effect o f ch lo ram p h en ico l on cell cycle kinetics is the reta rd a tio n o f cycle p ro g res sion w ithin short tim e after treatm en M itochondria are involved in m any an ab o lic and catabolic pathw ays and it is conceivable th a t d is organization o f the inner m em b ran e by c h lo ra m phenicol m ight well be sufficient to im p a ir th e ir functions. It is fu rth er well estab lish ed , th a t the m itochondrial and the cytoplasm ic p ro tein syn th e sizing system are tightly co o rd in ated . T his co o rd in a tion probably occurs at several d ifferen t levels. T he im pairm ent o f cell cycle progression by c h lo ra m phenicol is therefore not surprising.
